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RS CVn BINARY SYSTEMS 
Jeffrey L. Linsky* 

Joint Institute for Laboratory Astrophysics, Natlonsl Bureau of Standards and 
University of Colorado, Boulder, Colorado 80309 


ABSTRACT 

In thia review i will attempt to place in context the vast aaount of data ob- 
tained in the last few years as a result of X-ray, ultraviolet, optical, and Micro- 
wave observations of RS CVn and similar npectroscoplc binary systems, Since thia 
topic is now very broad, I will concentrate on the RS CVn aysteaa and their long- 
period analogs, and restrict the scope by attempting to answer on the basis of the 
recent data and theory the following questions! (1) Are the original defining char- 
acteristics still valid and still adequate? (2) What is the evidence for discrete 
active regions? (3) Have we derived any meaningful physical properties for the at- 
mospheres of RS CVn systems? (A) What ars the flare observations telling ua about 
magnetic fields in RS CVn systems? (3) Is there evidence for systefafte' trends in - 
RS CVn systems with spectral type? • 


X. INTRODUCTION 

While the study of close binary systems that we now consider members of the RS 
Canum Venatlcorin class goes back many decades in time, the recognition that these 
systems constitute a well defined class of objects with common character! sties began 
with Hall’s (1976) review paper published only seven years ago. Subsequently, ul- 
traviolet and X-ray observations with the Copernicus . IUE, HEAO-1, and HEAO-2 space- 
craft, together with microwave and optical observations from the ground have revealed 
a vast range of fascinating phenomena that were not anticipated even seven years ago. 
Later reviews by Catalano, Frlslna, and Rodono (1980), Dupree (1981), Hall (1981), 
Xodono (1963), Bopp (1983), and Catalano (1983) have summarised wch of this complex 
phenomenology and have presented the generally accepted starspot model In which 
magnetic fields and their interactions with the ambient plasma are presumed to be 
responsible for the dark starspots in the photosphere and the greatly exaggerated 
but solarlike activity occurring in the chromosphere and corona. 

In this review I propose to take a somewhat different approach* Instead of 
reviewing phenomena per se, I will ask a number of basic questions concerning the 
RS CVn syeteoa end then attempt to anewer these questlone by describing tbe relevant 
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data and theoretical work on the topic. The purpoae la to attempt to place In con** 
text the vait amount of data obtained In the paet few yeara from the X-ray to the 
microwave regions of the opectrua. Of particular concern are the ataoapherlc struc- 
tures of theae atelier ayatera and the rolea played by Magnetic flelda. I will alao 
anphaalae very recent observations, Many of which are not yet publiehed. 

II. ARE THE ORIGINAL DOUNIN& CHARACTERISTICS STILL VALID AND STILL ADEQUATE! 
a) Defining Charactcrlatlca 

Clot* binary ntara display a vaet array of phenomena depending on the apectral 
types, aita ratloa, and evolutionary atatua of the component stora, whether one or 
•both atari fill thalr loche lobe*, and the proximity of the two (tar* . In order to 
bring eoMc order out of thie ehaoa and to define a relatively homogeneoua clan of 
ayateaa with slallar charecterletlce and phenomena observed In the visible, Hall 
(1976) proposed a working definition of RS CVn systems constating of the three prop- 
ertlea llated below. Are theae three defining characterlatlce atlll valid! 

1» Elntrlea with orbital periods of 1-14 dr/a. Hall choae theae upper and 
'lower Halt* rather arbitrarily on the bails that for the 24 atari, which he felt 
have similar characteristics and thus should be Meabera of the RS CVn data, the 
distribution of parloda was such that there tere no suspected candidates with pe- 
riods of 0.9-1. 9 days and 11-17 days. Since the llat of known RS CVn binaries keeps 
growing (Hall (1981) Hate 69 weabers), we should question thla original definition 
and aearch for a definition that rasta on a physical basis. Probably the aaln char- 
acteristic separating the More evolved (and In general note active) components in 
these aysteas from single atere of the sane spectral type la rapid rotation, a di- 
rect conaequenee of tldally-lnduced synchronism of rotation and orbital periods. 

Zahn (1977) hae shown that for atari with convective envelopes, the synchron- 
isation tlaa la 

W * >' . <‘> 

whers q la tha mass ratio, which la generally close to unity for theae aysteas, and 
P la the orbital periods in days. Thua t # y ncb ■ 10® yr for P ■ 10 days and 1.6 x 
10 9 yr for P * 20 days whan q ■ 1. Evolutionary considerations then suggest that 
aubgiants with orbital parloda leas than 20 days should be tidally synchronous, and 
thus rapid rotators and active, stars at la Indeed the cate. A well-known nonsyti- 
chronoua system, A And (C0 IIX-IV + T), with P orb * 20.9 days and ? rot ■ 9* daya 
confirms this argument. Thu* a natural division between RE CVn ayateaa and the 
so-called long period RS CVn systaas la about 20 daya, not 14 daya as originally 
suggested. Tha proper ahort period cutoff to the RS CVn class la unclear at thla 
tlaa, but It aaaaa reasonable to exclude contact binaries such aa the W OHa ayateaa 
(Dupree 1983) on the baeie that they exhibit aoaewhat different properties, euch aa 
a coamon coronal envelope. 
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2, Strong Ca II H and K line emission out aide of eclipse . Bright H and K 
emission historically his been ueed to Identify new members of the RS CVn cleee be- 
came theee emission features etend out against the relatively weak photoepherlc 
continuum and photoapheric C a II abaorptlon line wlnge even at relatively low die- 
perelon. Bopp (1983) haa tabulated Ca II eurface fluxes for 19 RS CVn ayateme, 
which are typically 2-20 tinea that of the quiet Sun. The Ha line la a pure ente- 
aion feature In only the »oet active systems (e.g. HR 1099, UX Art, II Peg, and 

EH CHa), and appeara aa a fllled-ln abaorptlon feature in the other ayateme. While 
one can aubtract the Ha profile of a etandard alngle atar to obtain a net Hi nota- 
tion profile (e.g. Fraquelll 1982), thin la not a simple .technique; thus fllled-ln 
Hi abaorptlon ahould not be a defining characteristic for these systems. Enhanced 
ultraviolet emission lines (e.g. Dupree 1981) and X-ray luminosity (Charles 1983) 
are common properties of theae systems and could be used as defining spectral char- 
acteristics, but It Is not yet feasible to search large numbers of stars for these 
features. On this basis, (t seems reasonable to continue to uae bright H and K line 
ealaalon aa a defining characteristic, but we should recognise that the atrong Ca II 
line emission Is only one Indicator of the enhanced nonradlatlve heating rate, which 
la the physical basis responsible for this defining characteristic. 

3 , The hotter star is of spectral type P or C and luminosity class V or IV . 

If we adopt P or f, ■ 20 days aa defining the long period cutoff of the RS CVn group, 
the only systems that are Inconsistent with this definition (Hall 1981) are single 
line spectroscopic binaries for which the other component ie unknown. Three ere 
luminous syeteae with periods of 17-20 days (a Gem, ; And, and V350 lac) and the 
other la II Peg (R or f, ■ 6.7 days). What are the secondary components In theee eye- 
teas? Are they less evolved stars close to the win sequence ae la generally the 
case for RS CVn ayateme, or could they be white dwarfs ae In V471 Tau, but cooler7 

b) WondeflnlnR Characteristics 

Hall (1976) also lists IS additional characteristics that appeared to be valid 
for moat but not all of the systems for vhlch he had dsta at that time, and thua 
were not suitable aa defining characteristics. I would like to comment on several 
of thise. 

1. The Ca II H and K emission la from the cooler atar (or both) . This la gen- 
erally true for the RS CVn systems, but It la Important to recognise that the hotter 
atar is often also quite active, and when the orbital velocity separation of a spec- 
trum Is large the contribution of the hotter star la often apparent In high reeolu-- 
tlon spectra. For example, Simon and Llnsky (1980) detected Mg II h and k emission 
from the G5 V star In UX Arl about 1/5 as atrong aa that of the KQ IV star. But 
since tha radius of the K0 IV star la about twice that of the G5 V star, the Mg II 
eurface fluxes of the two etaru, Indicative of the general activity level, are simi- 
lar. The long period Capella system (G6 III + F9 III, P orb - 104 days) le a clear 
exception in that the earlier type atar la the predominant emitter (Ayres and Llnsky 
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1980; Ayrti, Schlff«r, and Linaky 1983), presumably became the F9 III star la a 
rapid rotator whereat the G6 III atar Is not. In aoae tense this exception proves 
the rule tlnce for synchronous ayatema the move evolved (l.e. cooler) atar has a 
larger radlua and la thus the more rapid rotator. 

2. A wva-llke distortion In the optical light curve it detected outside of 
sell pee , this characteristic it now dceaed fundamental at It Indicates the pretence 
of dark starspots (s.g, Eaton and Hall 1979) that migrate In phase (Catalano and 
kodono 197*), are cool (Vogt 1979; Ramsey and Nations I960), and are presumed to he 

V / V ' 

m»j|rietic In character try analogy With sunspots. This last point is critical because 
strong magnetic fields presumably underlie all of the interesting activity aeen in 
RS CVn systems, yet rapid rotation makes It difficult to measure the magnetic fields 
directly by the Zeeman effect. To my knowledge the only direct measurement of a 
magnetic field la the measurement of a field of 1290 ± 320 Causa covering half the 
visible surface of \ And (Clamnapa, Golub, and Worden 1983). It is Important that 
this work be extended. 

3. RS CVn systems are detached binaries with mass ratios close to unity . To 
my knowledge the only exceptions to this statement are RT Lac and SZ Pac, which are 
semidetached syateat, and the single line spectroscopic systems for which the mass 
ratios are unknown. Popper and Ulrich (1977) have called attention to the interest- 
ing evolutionary status of the RS CVn systems. They point out that binaries develop 
RS CVn characteristics when one or both stars enter the Hertzaprung gap and develop 
convective envelopes. The tidal synchronism mechanism will halt the rapid loss of 
rotational velocity when P rot - P orlj , to that the KO IV and KO III cool stars in 
tha'd'e systems have equatorial rotational velocities of *0-80 km a - * Instead of 2-5 
km a”* (Cray 1982). This combination of rapid rotation and convection presumably la 
responsible for the efficient generation of strong magnetic flelda by dynamo proces- 
ses that results In the RS CVn phenomena. For m$et systems there la no evidence 
for streams, tidal distortions, or reflection effects, consistent with the detached 
geometry. 

HI. WHAT IS THE EVIDENCE FOR DISCRETE ACTIVE REGIONS? 

e) Chromospheres end Transition Regions 

RS CVn systems have been .monitored extensively In the Ifa line (eee Bopp 1983 
for a detailed review), but these data exhibit no evidence for active region* cor- 
related with atarapote. For example, Ramsey and Nations (1980) observed stronger tfa 
emission In HR 1099 at a phase near spot maximum (photometric minimum) than at spot 
minimum, but they did not monitor .for flares at that time. In an extensive study of 
HR 1099 during 1977-79, Dorren et al . (1981) monitored the Ha line with narrow band 
photometry. They detected strong net emission in Hi with large nightly variations, 
but no correlation with photometric phase even though the photometric wave showed 
a large amplitude at that time. They concluded that the variable Hi net flux indl- 
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cated flaring rather than the presence of active region*. Similarly, Fraquelll 
(1982) alio detected variable Ha net flux f roe HR 1099 that correlated with the 
•icrovave radio flux, a good Indicator of flaring. When ahe removed from the data 
*et thoae obaervatlone taken during flare*, ahe also frond no correlation of )b 
emission with photometric phaie. 

There are fewer observations of RS CVn ayatema In the C* II H and X line*, hut 
the*e data do provide iom evidence for active regions correlated with the eter 
spots. For example, Weller {1978) ohaerved alx system* In the Ca 11 lint* and lb. 
The data ar* aparae, but the Ca II emlaalon equivalent widths appear to atrengthen 
at photometric minimum for RS CVn ltaelf, conalatent with the hypothesis that chro- 
■oapheric active region* cluster above starspots. Weller'* observations of UX Arl 
and Z Her are alao marginally conalatent with the above hypothesis. 

The connection between active reglone and starapota became clear only with ob- 
servation* by 1UE. The first such evidence by Rodono, Romeo, end Sttatiula (1960) 

1* based on low dispersion Hg II fluxes of II Peg (KZ-3 V-IV + 7). Subseqjently, 
Balluna* and Dupree (1962) observed \ And et photometric maximum end minimum \rfth 
XUE. They detected transition region line (e.g. C II, C IV, Si IV) emission 30-501 
brighter, and the Ca II lines brighter, at photometric minimum than at maximum, but 
for some unexplained reason the Hg II line fluxes were nearly unchanged. Also the 
Ca IX lines have different asymmetries, suggesting that the flows are different on 
the two hemispheres. Walter, Clbson, and Basrl (1963) observed Ar Uc (C2 IV + 

XO XV) with VSt at egress (phase 0.053) from primary eclipse (KO XV star In front) 
and at quadrature (phase 0.256). These data (see Figs. 1 and 2) show the Hg II flux 



Fig. 1. A scale drawing of the 
AR Lscertae system. The line 
of eight at s given phase le 
found by lining up the phase 
Indicated on the outer circle 
with the center of mass. The 
solid line la the Roche sur- 
face; the dashed lines sur- 
rounding the X star Indicate 
the inner end outer radii (t.5 
and 2.0 Rk) of the extended 
component of the X etar eorons. 
Crudely Indicated are the loca- 
tion and axtent of the observed 
chromospheres end coronee. 

Hots that the extended compo- 
nent of the X etar corona ex- 
ceeds the Roche radius (from 
Walter, Gibson and Basel 1983) . 
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Fig. 2. Hlgh-’rssolution observations of the Mr II resonance lines for AR lac during 
agrees from primary minimum (thin lines) and at quadrature (thick lines). 
Approximately half of the C star la visible at this stage of egress. Note 
that although tha G star la the one eclipsed, It produces the approximately 
cocstant bluevard component while the K star shows a dramatic change (hav- 
ing remained unocculted). The flux ratio of X to C star Is 2:1 at quadra- 
ture, Indicating the G star actually has stronger surface flux here (from 
Halter, Gibson and Basrl 1963). 


attributable to the G 2 IV star unchanged, but the Hg II flux attributable to the 
KO IV atar a factor of two larger at quadrature. They argued that the data are 
consistent with an active region (visible In both observations) above the spot group 
on the C2 IV star producing the photometric minimum at phase 0.23, and an active 
region on the XO IV star In view only during the quadrature observation. 

Two sets of IVt high resolution spectra with the short wavelength camera Indi- 
cate the presence of compact active regions by changes In the line Integrated fluxes 
and centroid velocities. In tha flrat data set, Ayres and Llnsky (1962) observed 
HR 1099 (G3 IV + XI IV) at opposite quadratures (phases 0.21 and 0.76). they found 
that at phase 0.76 the transition region lines (e.g. C II 1336 A and C IV 1548 A) 
are brighter and displaced +40 km s” 1 relative to the Kt IV atar velocity, Indicat- 
ing an active region near the receding limb of the KO IV star at this phase but on 

the beck side of the atar at phase 0.21. This would put the central meridian pas- 
sage of the active region at phase 0.6 in June 1980, but photometric minimum in 1979 

occurred near phase 0.95. Thus the connection between spot and active region la not 
clear for this observation. 
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A better example la the high reoolutlon apectra of o Gen (K1 III + ?) obtained 
at phaaea 0.53 and 0.58 by Ayrea, Simon, and Mneky (1984). They found that the 
tranaltlon region line* were both atronger and blue-ahlfted at phaee 0.53 compared 
to phaae 0.58, eonalatent with an active region on the receding llnb at phaee 0.53 
but over the llnb at phaaa 0.58. Since atarapot group B (aee Tried et al. 1983) waa 
alao on the receding llnb at phaae 0.53, the apatlal connection of the active region 
and a apot group la Indicated by theae data. 

The cloareat example yet of the apot-actlve region connection la the October 
1-7, 1981 IUE monitoring of II Peg. In thle program, Mara tad et al. (1982) found 
that the ultraviolet emlaalon line flux la well correlated with photometric minimum 
(aee Pig. 3). In particular, all the emlaalon llnea rlae aharply at phaae 0.45 and 



Pig. 3. lower Panel! Integrated emlaalon line fluxea for IX Peg obtained In October 
1981 by Karatad et al . (1962). Note the rapid rlae In flux near phaae 0.45 
and rapid fall near phaae 0.95 Indicating the rotational modulation of a 
1 compact active region acrosa the dlak. Upper Panel : photometric variation 
obtained with the FES almultaneoualy with the IUE apectra. 
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fall sharply at phase 0.95, Indicating a rather compact active region. The such 
larger rlee of the transition region lines (a factor of five) compared to the chro- 
mospheric lines (less than a faetor of two) la consistent with the difference be- 
tween the spectra of solar active and quiescent regions. Harstad (1983) used these 
data to locate the active region on the stellar surface and compared this active 
region with the location of thn two spot groups he derived from the IITE optical 
light curve, which Is similar to the 1976 light curve and spot group positions de- 
rived by Ropp and Noah (1980). Harstad placed the active region near the lending 
edge of the larger spot group (see Fig. 4), and concluded that its area is no larger 
than 6X of the visible hemisphere, compared to the spot area of 25-30X of the visi- 
ble hemisphere. 

This result Is remarkable to say the least. Whereas solar active regions are 
much larger than the photospherlc spots they overlie, the situation is reversed for 
II Peg. Second, the small active region alt'e implies that the active region surface 
fluxes for the transition region lines must be very large as Indicated by Table 1 . 
For an assumed surface covering factor of 0.06, the maximum value indicated by 
Harstad, the C IV surface flux Is 4200 times the quiet Sun value and the C IV 1550 A 
lines carry 0.1X of the total stellar luminosity per unit area. These extreme 




PHASE 0.00 


PHASE 0,25 



PHASE 0.50 


PHASE 0,75 



Fig. 4. The location of the two spot groups (small circles) and the active region 
(solid black) derived by Harstad (1983) from the optical photometry and 
emission line flux versus phase observations of 11. Peg In October 1981. 
Note that the active region overlies a small portion of the larger spot 
group. 
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Tabic 1. Active Region Surface Fluxes 


Aaaumed Surface 
Covering Factor 

F c jy (active region) 
(ergs em“* a -1 ) 

F c lv (actlve region) 
F c jy(qulet Sun) 

F, jy(actlve region) 
*bol 

1. 00 

1.7 x 10 6 

2.6 x 10* 

7.3 x 10-5 

0.06 

2.8 x 10 7 

4.2 x 10 3 

1.2 x 10" 3 

0.02 

8.3 x 10 7 

1.3 x 10 4 

3.6 x 10 -J 


valuta point out the necessity for deriving active region area* and the folly of 
describing RS CVn chromospheres and tranaitlon regions by one-component theoretical 
models. 

b) Coronse 

1 now consider the evidence for discrete active regions in the coronae of 
RS CVn systems baaed on observations with 'he Einstein X-ray observatory. The west 
important act of observations has been obtained by Walter, Cibson, and Rasrl (1983) 
of AK Lac during a total primary eclipse (KO IV star in front at phase 0:0) ai(d. a 
annular secondary eclipse <G2 IV star in front). The geoaetry for these ecUpaes la 
ehovn in Figure 1, Eclipses are powerful probes of coronal X-ray brightness distri- 
butions and thus the location of active regions since each position in the corona is 
covered and uncovered during each eclipse, 

Froe these data Valter at al. found that the C2 IV star contributes 40X of the 
total X-ray flux, Its corona hoe a avail scale height (~0.02 R*) and Is located 
primarily over the spot group, which is near phase 0.25 (see Fig, 1). The KO IV 
star exhibits a Bore complicated coronal structure with a geometrically thin com- 
ponent (scale height ~0.02 Re) located primarily at two longitudes and with an ex- 
tended component (scale height ~R*) located over one hemisphere. In addition, the 
I PC spectral height distribution indicates a two temperature coronal plasma, aa does 
the SSS data (Swank et al. 1981), and Walter et al. argue that the hotter plasma la 
In the extended component. This data set thua points to a correlation of apota and 
coronal active regions at leaat for the G2 XV star, but the axtended (hot?) compo- 
nent la not connected to any known spot region. Furthermore, the location of hot 
plasma far from the KO IV atar implies the existence of large loop* extending beyond 
the Roche lobe of thla star and perhaps interconnecting the two stars In the system. 

IV. HAVE HE DERIVED ANT MEANINGFUL PHYSICAL PROPERTIES FOR THE ATMOSPHERES OP 

RS CVn SYSTEMS? 

a) Chromoapherea and Transition legions 

In the past few years there have been at least four major studies of RS CVn 
ayatems that purport to derive the run of temperature, pressures, and density with 
height using different spectroscopic diagnostics. In each case the authors solved 
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th* radiative transfer and statistical equilibrium equation* for an assumed hoeog*- 
nsous, ona component atmosphere In hydrostatic equilibria* ao at to match computed 
and obaarvad Ain* fluxes and In eons eaaea lina profilea. For example, Ballunaa _*t_ 
al» (1979) darlvcd chromospheric model* rapreaantatlve of A And and Capells to natch 
th* obaarvad Ca II, Kg II, and Ha profilea* Their beat fit model* are characterized 
by top praaauraa, appropriate for the baae of the tranaltlon region, of l-l .7 dyne* 
ca" 2 . Subsequently, Simon and Linaky (1960) derived nodela for HR 1099 and UX Arl 
to natch th* obaarvad Kg II line profiles, fluxes of C II, SI II, and Si III line*, 
aa'd, three density sensitive lina ratios. Their best fit nodela have a top presaure 

m7 

of roughly 0.3 dynes ca * and are Inconsistent with a tranaltlon region that la 

conductlvely heated* On t.ie basis of nodela constructed to natch the fa profile 

of 1 And, Hullan and Craa (1982) derived transition region pressures of 0.08 or 
* 

0.4 dynes ca * depending on th* assunad nacroturbulance. Finally, Ballunaa and 
Dupre* (1982) proposed tranaltlon region presaure* of 1.3 dyne* cm"* for the 
unspotted haalaphar* and 1.9 dynas ca -2 for the spotted hemisphere transition 
region of 1 And, based ou observed C I and C II lina fluxes. 

These nodela, based on a range of spectroscopic diagnostics, different RS CVn 
systems, and conputad by different groups, are in reasonable agreement with each 
other, but are they reallatlc representation* of the mean atmospheric properties 
of RS CVn systems? It seems to me that they are not, because they ignore what is 
likely a fundamental property of the atmospheres of these systems ~ extrema Inhomo- 
geneity. If the results for II Peg described above are representative, then most of 
( the observad chromospheric and transition region emission originates in one or a few 
active regions covering e small portion of the observed hemisphere of the star. 

Thus the active raglon line surface flur.es could be 10-100 times that of the spatial 
average, and the transition raglon pressures and densities for the active region 
correspondingly larger. X suspect, but cannot prove, that the same la true for 
those system* that show little rotational modulation of the UV emission line fluxes, 
except that in these systems there ara several active regions widely distributed In 
longitude observad at all phases. It seem* vitally important, therefore, that fu- 
ture studios concentrate on determining the active region filling factor and then on 
computing models of the active and quiescent regions separately. One way of deriv- 
ing active region filling factors Is by rotational modulation studies of systems 
with simple photometric vaves'of large amplitude, as was the esse for II Peg In 
October 1981. Th* second way Involves deriving tha densities of active regions from 
density-sensitive line ratios when the active regions dominate the observed flux. 

b) Coronas 

Numerous IS CVn syatsma wera detected aa X-ray sources by HEAO-1 because they 
are intrinsically bright (29.4 £ log £ 31.5) and are quite numerous. Valter 
«t al . (1980) listed 15 sources, and Charles (1983) listed 45 sources detected 
by HE AO-1 and Einstein and reviewed their properties. The HEAO-1 data suggested 
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coronal temperature! of 10 2 X. Assuming thle temperature and the Rosner, Tucker and 
Valana (1976) acallng law for atatlc loop* emaller than a preaeure acala height, 

T - 1*00 (PL) 1 / 3 , (2) 

Walter et el. (I960) *• time ted vnluee of loop heights (L), fractional filling factor* 
(f), and number of loopa (N) for different atari > Clearly these quantities depend on 
the pressure (P) In the loopa, but assuming that for Capella P ■ 1,3 dynes cm , the 
mean transition region pressure, then f • 0.2, N ■ 100, and L • 2 k 10 11 cm • 0.3 R «■ 
These loopa ara large but still only about 0.03 of the coronal pressure scale height. 

Since the RS CVn systems ara bright X-ray source*, Swank et al . (1981) were able 
to observe seven systems and Algol with the Einstein Solid State Spectrometer. These 
low resolution spectra Indicate that all of the systems have coronae characterised 
by at least two temperatures} a low temperature component with T » *-8 a 10® K and 
log 1^ ■ 30-31, and a high temperature component with T * 20-200 a 10® R and log ■ 
29.1-31.1. Furthermore, the high temperature components appear to be more variable 
than the low temperature components, end the most widely separated system (Cnpolla) 
hss the smallest ratio of hi^lt io low temperature component luminosity. 1 will 
return to this important point later. They also applied the Rosner-Tueker-Vaiana 
scaling law [Eq. (2)) with the conclusion that if p ^ 10 dynes cm" 2 , then L/R* for 
the hot coronal component la similar to the binary separation and L/R* for the cool 
coronal component is il R* • However, if P £ 100 dynes cm" 2 then both components are 
ralatively compact geometrically. They could not decide between these two scenarios. 

The Elnateln IPC observations of AR Uc during eclipses provided Walter et al . 
(1963) with the critical data on the coronal emitting region volumes and locations 
needed to derive the loop pressures directly from Eq. (2). Their only assumption 
was that the extended component of the K0 IV atar corona (see Pig. 1) consists pri- 
marily of tha hut gas detected In earlier SSS observations. Their redults, summa- 
rised In Table 2, indicate that the coronal loop pressure* are large (23-140 dynes 
cm" 2 ), two ordero of magnitude larger than the average transition region pressures 
previously discussed. This result provides further evidence for the Inadequacies of 
one component models. It Is interesting that the II Peg data lnply that the active 
region surface fluxes are 10-100 times larger than quiescent, which may be consis- 
tent with the AR Uc coronal loop pressures it pressures scale proportionally to the 
surface flux. This point needs further consideration. 


Table 2. Coronal Loop Parameters for AR Lac 


Parameter 

02 IV Star 

XO IV Star 
(extended component) 

R0 IV Star 
(inner component) 

Flaring 

Sun 

P 

100 

23 

70 

140 

L/R* 

0.02 

2 

0.01 

0.01 

H 

10* 

10 

10* 

10* 


25* 




V. WHAT AM THE PURE OBSERVATIONS 1ELLINC Ui) ABOUT MAGNETIC FIELDS IN 
RS CVn l , STEMS! 

Plarts art highly energetic event* in RS CVn systems with time acalaa of hour# 
to wtaka, auch longer than for flaraa on M dwarf atara Ilka UV Cat!. Raviewa of 
flara phenomena include diacuaaiona of tha Ha data (Bopp 1993), X-ray data (Charlaa 
1983), and radio obaarvationa (Cibaon 1980, Feldmsn 1983), Alao thara ara a number 
of iaportant papara on tha vary lonR-livad flara on HR 1099 in Pabruary-March 1978 
that ara lncludad in tha December 1978 Issue of tha Agronomical Journal, Prow thla 
wealth of data, X would Ilka to call attention to thoaa data that provide informa- 
tion on tha geometry, flowa, and Magnetic field topology of tha flaring plasma. 

Plrat, Bopp (1983) pointed out that while the lb line brighten* aigniflcantly 
during flarar, thla emission la not nodulated at the orbital or rotational period. 

In other tnrda, tha emitting volume la either large compared to a atellar radlu* or 
the eolation occur* in tha binary eyateo well away from either atar and parhapa be- 
tween the two atara. The VLSI microwave obaarvationa (cf. Feldman 1983) alao point 
to ealaalon fro* a large volume, several tiue* the binary aeparation for the spe- 
cific caae of tha April 1981 Here on HR 5110. 

Second, there la evidence for mate flowa during flarea. Bopp (1993) pointed out 
that during flarea the Ha line become* very broad (>-400 km ■”* during the February- 
March 1978 flara on HR 1099) with occaalonal redward aayametrle*. A vary Important 
obaervation in thla ragard la a high resolution spectrum of the Mg II llnee obtained 
by Simon, Llnaky and Schlffar (1980) during the New Year's Day 1979 flare on UX Arl. 
They found the Mg IX lines to be very asymmetric with wings extending out to +475 km 
*’ i roughly the escape velocity from either star, and Interpreted theee profiles as 
indicating a meat flow from the K0 IV to the C5 V star that could occur if tha large 
flux tuba* of tha two atara Interact. Thla hypothesis suggasts that RS CVn flarea 
ara powered by magnetic flald annihilation of Interacting flux tube* a* in solar 
flarea, except that tha scale la vaatly larger because it la the flux tubas of two 
aaparats atara that ara responsible. The long time acalaa of RS CVn flarea could 
be a consequence of the large geometrical acalaa. Furthermore, the large circular 
polarisation of flare microwave emleelon (e.g., 'Brown and Crane 1978) indicates that 
tha emleelon process la magnetic In character. 

Third, Uchlda end Sakural (1983), in their theoretical calculation*, have shown 
that the magnetic flux tubes of active region* on both atara in RS CVn systems will 
Interact and oftan interconnect the two atara. In particular, the strong coronal 
heating and flara* could result from magnetic reconnection as individual atarapot* 
drift across tha active longitudes of both stars. They Interpreted the low tempera- 
ture coronal component as plasma confined in email loop* and the high temperature 
component a* plasma confined to loops interconnecting the two stare. Thla picture 
le consistent with that proposed by Halter et al . (1963) for AR Lac on purely obser- 
vational grounds. 
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VX. IS THERE EVIDENCE FOR SYSTEMATIC TRENDS IN RS CVn SYSTEMS WITH SPECTRAL TYPE? 

I would Ilk* to conclude tht* rather aalactiv* review by calling attention to 
whet «pp«*r« to D« • significant difference between the P9 III active etet? In 
Capella and th# RO IV active stars In typical RS CVn ayatea* Ilka HR 1091', OR Art. 
and II Fag, Ayrat, Schlffer and Llnaky (1903) obtained high dlaparalon 1UE abort 
wavelength apactra of Capalla at thraa quadrature* and ona conjunction. Tbaae data 
confirm earlier work (Ayr** and Unaky 1900) that th* P9 lit component ha* trantl- 
Eton region aurfac* fluxea about 23 tlaaa brighter than the G6 III primary, prauua- 
ably bacauaa cb* M III atar 1* a rapid rotator (P rot * 9 days) vharaa* th* 06 111 
atar la a alow rotator. Ayraa et *1. (1983) alao found that Capalla 1* a remarkably 
ataady ultraviolet emission lln* eourca (to th* few parcent accuracy of the IUE pho- 
toa«try) on time acala* of hour* to 9 Month*. In a further atudy Involving 22 ot>- 
aarvatlona over half an orbital period, Ayr** (1983) alao found no ultraviolet flux 
change* at a aanaitJvity level of <5X, 

Till* raurkably ataady flux Iron the P9 III atar In Capella taplle* either uni- 
fora ealaslon aeroaa tb* atallar aurfac* or, wore likely, a large nuabar of active 
region* Mil dlatrlbuted in longitude. By eontraat, th* KO IV atar* In typical 
RS CVn systems exhibit highly variable raiaalon line flu* Indicative of only a few 
active region* or only on* active region In the previously dlacuaatd cate of II Pag 
la October 1981. t summarlzt theaa differences In Table 3. 

I believe that these vary different propertle* arc not du« to different 
rotational velocities alnca the rotational period of the P9 111 star In Capalla 
la comparable to tbc period* of the XO IV synchronously rotating stars. Instead, 

1 balltve that theaa differences can be explained by two effectat 


Table 3. Coapariaon of Active Star* In Cspella and Shorter Period RS CVn System* 


Proparty 

Capells 

HR 1099, DR Art, XX Peg 

Active star 

T9 III 

K0 IV - K2 IV 

Orbital period 

I04 d 

2.8-6,7 a 

Rotational period 

8 d 

2.8-6.7 d 

UV flux variations 

<5X 

large 

Number of active region* 

large 

few 

Radio emission (6 cm) 

<0.2 mJy 

op to 1000 aly 

L^hoO/l^fcool) 

0.1 

1-3 

•^active 

23 

4-7 

Plating 

never detected 

coanon 
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(1) The Capella F9 in etar haa a ahallover convective tone and thua a much 
larfar nraber of convactiva cell*. Alao the dyneno and convective cone velocity 
field together appear to generate aany rethar than few Magnetic active region!. 

(2) Tha aaparatlon of tha atara in the Capella By* ten la much larger than in 
the ahortar period ayateaa. Thua It la difficult for the Magnetic flelda of the two 
Capella atcr* to interacts According to the prevloua dlacuaalon there ahould be few 
flare*) weak radio aalaaton, and little hot pletna In the corona, aa la obaerved. 

The difference hetvean Capella and the abort period ayateaa thua etrengthens our 

^onclurlon that Interacting Magnetic flelda are fundaaental to explaining nuch of 
th* faeclnadog phenomenology of the RS CVn ayateaa. 

I would like to acknowledge partial aupport of the National teroneutici and 
Space Adalnlttratlot; through gnnt# NGL-06-003-057 and NAC5-82 to the Unlveralty 
of Colorado. It la a ptaaaure to thank ay colleaguea Ora. T. Ayraa, A. grown, K. 
Carpenter, S. Drake, 0. Clbeon, T. Simon, and F. Malta? for atlaulatlng dlaeuaelona 
that clarified ay thinking on RS CVn ayateaa. 
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